Abstract. In order to handle intense time pressure and survive in dynamic market, software startups have to make crucial decisions constantly on whether to change directions or stay on chosen courses, or in the terms of Lean Startup, to pivot or to persevere. The existing research and knowledge on software startup pivots are very limited. In this study, we focused on understanding the pivoting processes of software startups, and identified the triggering factors and pivot types. To achieve this, we employed a multiple case study approach, and analyzed the data obtained from four software startups. The initial findings show that different software startups make different types of pivots related to business and technology during their product development life cycle. The pivots are triggered by various factors including negative customer feedback.
Introduction
Many people know Twitter as arguably the most famous microblogging platform. Much less are aware that it was a podcast service provider back in its startup phase in 2005 [8] . Similarly, Instagram back in its early days was a social check-in application called Burbn, combining features of a photo share app (Foursquare) and a game (Mafiawars) [7] . As the examples show, very few software startups get their products or business right immediately, and most do not end up with what they had initially started. This is because software startups intend to produce cutting edge products and grow fast under the condition of extreme technology and business uncertainty. In order to obtain a sustainable business model, software startups change their direction relentlessly, or make a pivot in Lean Startup approach [1] . Ries [1] defines pivot as a strategic change, designed to test a fundamental hypothesis about a product, business model or engine of growth. Pivot is often considered the outcome of validated learning, another key concept of the Lean Startup to test a business hypothesis and measure the result. Software startups often neglect the validated learning process and avoid pivot when needed, which is one of the reasons behind many startup failures [2] . Pivot is considered vital for software startups to survive, grow, and eventually obtain a suitable business model.
Due to the nascent nature of software startup research, previous empirical studies specially focusing on pivot are scarce. To the best of our knowledge, no study has been conducted exploring different types of pivots and identifying different triggering factors. This study attempts to fill this knowledge gap, examining pivots in software startups during different product development stages, from concept to mature product. The main objective of our study is to provide a better understanding of pivots happening in software startups. To this end, the main research question asked in the study is: How do software startups pivot during different product development stages?
The rest of this paper is organized as follows. In Section 2, background and related work is presented. Section 3 describes the empirical research approach. The findings are presented in detail in Section 4 and further discussed in Section 5. The paper is summarized in Section 6 outlining the future research.
Background and Related Work
Pivot is a core concept of Lean Startup [1] , a startup methodology that focuses on the Build-Measure-Learn (BML) loop with three steps: turn idea into product, measure its effect, and learn from the result. This learning is referred to as validated learning [1] . Each hypothesis regarding the business model is tested, and a decision is made accordingly on whether to pivot or persevere. Pivot is not about introducing just any change, even though the two terms are often used as synonyms. Pivot is a special kind of change designed to test and validate the assumptions a startup has about its product, business model, and the engine of growth [1] . Ries presents ten different types of pivots that can happen in a startup [1] , listed in Table 1 . Table 1 . Pivot types [1] Zoom-in A single feature of a product becomes the whole product itself.
Zoom-out
The whole product becomes a single feature of a much larger product, mainly because the original product is insufficient to address customer needs. Customer segment While trying to solve the right problem, a startup discovers a different segment of customers than originally anticipated. Customer need A startup realizes the problem they try to solve is not very important for the customers, and discovers other related problems that are more important. Platform pivot An application is turned into its supporting platform or vice versa. Business Architecture A startup switches its business architecture e.g. aiming for low volume, high margin, instead of focusing on mass market. Value Capture Changing the way/method to capture value (monetize) for a startup.
Engine of Growth
A startup makes significant changes in its growth strategy to seek rapid and more profitable growth. Channel Pivot A startup has identified a more effective way to reach its customers than its previous one. Technology Pivot A startup delivers the same solution by using completely different technology.
Only few studies touch upon the topic of startup pivot [2, 3, 4, 9, 10] . By providing evidence of two real world software startup failures, Giardino et al. [2] concluded that neglecting the learning process and avoiding pivot can become the reasons of software startup failure. Bosch et al. [9] offer an alternative to pivot or persevere. They present a software development model for early stage software startups. But the study is not primarily focused on investigating pivot in software startups. Another study related to pivot was conducted by Van der Van and Bosch [4] , which gives a broader overview on pivots in software startups. It compares the similarities and differences between pivot decisions and software architecture decisions. The study considers a pivot as a business decision only, and is not primarily focused on how software startups pivot during their life cycles.
The work closely related to this study was from Terho et al. [3] , in which the authors explain how pivots can change business hypotheses in a lean canvas model. They have identified some pivot types, e.g. zoom-out, customer segment, and platform pivots. However, there is a lack of evidence of how they were identified and how the link between pivot types and lean canvas was built.
Based on the observed knowledge gap, we focused our study on understanding pivots in software startups by identifying their types and examining the factors triggering them. As Nguyen-Duc et al. [10] argue, different types of pivots might happen in different phases of a startup's lifecycle. Therefore we adopted a product development perspective on the phases of a startup's lifecycle. A startup goes through different product development stages during their life cycles, which are: concept, in development, working prototype, functional product with limited users, functional product with high growth, and mature product [6] . The product development stages allow us to obtain a contextualized understanding of pivots in software startups.
Research Approach
Given the exploratory nature of our study and the "how" research question, we employed a multiple qualitative case study approach [11] . The selected four cases were software-based startups. Each was covering a different product development stage at the time of our study ( Table 2 ). All pivoted during their product development.
The main data collection method was interviews. We conducted semi-structured interviews with open-ended questions. Each interview lasted from 30 minutes to one hour, and was transcribed for further analysis. All of the interviewees were the founders, were involved in the decision making process and knew the journey of their startups from the inception till today.
The data analysis followed the multiple-case analysis suggested by Yin [11] . Within-case analysis was conducted firstly. Then in the cross-case comparison, the identified pivots and different triggering factors causing pivots across cases were compared and contrasted. Meanwhile, there has been significant change in the DocMine founding team. Before the pivot described above, one of the co-founders left the team and worked for Audi. While working on the new social media API idea and the working prototype of the new product was developed, the left co-founder requested to rejoin the team. At that time DocMine already hired one person due to this co-founder's leaving. However DocMine decided to take back their co-founder. The founder explained the rationale behind this decision: "We decided to take him [ 
back], not only because of performance, but because we knew him. So when you are working together, you know who is he, how he thinks, I think it's very important for startup to have perfect group dynamic."
In August 2015, DocMine discovered from the feedback of their customers that their solution seemed to be more interesting for developers rather than the private markets and different companies they initially conceived. Even though at that time the new product was already functional with limited users, they shifted their focus to the developers, therefore pivoted in terms of customer segment.
Case 3: Hooka
Hooka provides a ticketing system for different events focusing on small companies in a user friendly way. The main focus is on small companies who cannot afford expensive solutions to organize events. Their initial service, however, was completely different: selling magnetic cubes. The business did not get much traction and they made a complete pivot in 2011.
It is followed by another pivot related to customer segment in the concept stage of the ticketing system idea. The initial focus of the idea was to develop a bidding system for bar and nightclub seats. The founder described the situation before pivoting: "We started to do some research and found out that discos and clubs would not want a product. They manage things fine as it was." Due to this negative feedback from the potential customers, they pivoted towards providing a ticket validation system for small companies who organize events.
At the same time, they also made significant change in their product from providing a simple SMS-based application towards developing a complete ticket validation system. This is an example of zoom-out (product) pivot.
A team pivot was made when the prototype did not work. The founder described: "They (developers) use Google to search for the code. They are 'copy-paste' programmers. They are not skilled enough basically. They made a prototype that barely held together… I need to hire the professionals. We did not find any previous work useful and we scrapped everything." As a result Hooka changed the whole development team, and hired new professionals who could develop.
Case 4: EasyLearning
EasyLearning is a game-based learning platform to be used in the classrooms (or in any other learning environment) in which a teacher asks a quiz and students answer using their mobile devices. Initially it started with developing quiz for Sony Phones or PC's, but later pivoted to developing quiz for iPhone and Android. The main factor causing this pivot was the emergence of the smartphone, as the co-founder explained: "At that time, Android and iPhone was not available. It is a major change. So after maybe in 2008 or 2009 we got smartphones and tablets with proper web browsers then we could make a web-based client to make it a lot easier for development and we make the whole platform from scratch."
Although this technology pivot solved their problem of involving a maximum number of students simultaneously, it had consequences. The co-founder recalled: "The major issue is, due to the early web technology, due to slow, large latency, we did not implement web socket or something like that. The client was just pulling the server, the performance is horrible because client keep pulling the server all the time."
In order to solve these issues, in the version 3.0, they threw away everything and started from scratch. The CEO explained: "The main different is nice user interface, java based server with graphic engine. Web based client as before, but we have editor to create quiz which was not possible before." Table 3 provides a summary of the pivot types and triggering factors found in the four studied software startup companies. Software startups often lie in the soil of extreme uncertainty, and do not know their customers in advance. Although they are solving a problem, their initially perceived customers may not be interested in that problem. Startups try their ideas and learn from their failure, and pivot towards the real needs and right segments of the customers. As shown in the cases of Dicy, DocMine and Hooka, they all experienced customer need or segment pivots. Learning from their initial failures, they identified the right problems or customer segments and pivoted towards the new directions. In the cases of DocMine and Hooka, some pivots were so profound that almost all aspects of the startups were changed, product, targeted market and business model, only the original entrepreneurial team remained the same. We termed this type of pivot complete pivot. This is an addition to the pivot types listed in Table 1 [1] .
Building an entrepreneurial team is one of the key challenges faced by many software startups [5] . As a response to this challenge, the entrepreneurial teams go through significant changes in team composition. This kind of pivot is termed as team pivot. It is another addition to Table 1 . The change can be related to key members (e.g. co-founder) or having a new development team completely. Both Hooka and DocMine experienced team pivots. A lack of competency needed can be one factor causing software startup teams to pivot, as exhibited in the Hooka case. In contrast, DocMine evidences the team pivots as consequences of their founders' decision.
Our study also indicates the potential links between pivots. It happened in all but Dicy case that one pivot caused another pivot, therefore an evidence of what Terho et al. [3] call the "domino" effect. For example, after Hooka decided to make customer segment pivot, they soon realized that their original solution was only a feature of a much larger solution and therefore performed a product zoom-out pivot. Future studies need to be conducted in order to investigate the effect of different types of pivots, and the relationship among them.
The validity threats of our study are hereby discussed. One validity threat is related to the generalizability of the results. As our study is exploratory in nature, qualitative case study is a suitable approach to understand how software startups pivot in real world. More case studies and further quantitative studies need to be conducted e.g. survey, in order to make the result more generalizable. Another validity threat is related to the interviewees and their knowledge about their startups' history. It is mitigated to a large extent by interviewing the founders who generally have the best knowledge of their startup processes.
Conclusions
Software startups are developing cutting-edge software products significantly contributing to the world economy. However, in order to achieve success, most of the software startups need to learn and pivot continuously. This paper provides a deeper contextual understanding of how software startups pivot, employing a multiple qualitative case study approach.
The findings of the study show that software startups make different pivots in early product development stages. Customer segment and technology pivots are common. The pivots can be triggered by different factors. Negative feedback from customers is the major factor causing pivots.
We call for further investigation on the consequences and relationship among different pivots. Further quantitative studies (e.g. survey) need to be conducted to obtain quantitative validation and to generalize the results.
